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(71) \ v /e, Warner-Lambert Pharma- 
ceutical Company, a Corporation organized 
under the laws cf the State of Delaware, 
United States of America, of 201 Tabor 
Read, Morris Plains, State of New Jersey, 
United States of America, do hereby declare 
the invention, for which we pray that a Patent 
may be gratned to us, and the method by 
which it is to be performed, ta be particu- 
larly described in and by the following state- 
ment : — 

This invention relates to the separation of 
a trans - dimethylamino - treats - carbethoxy - 
cyclohexene from a mixture of cvV- and frevrs- 
isomers and to the partial isomerizaticn of 
a as - dimethylamino - cis - carbethoxy - 
cyclohexene into a mixture of cis- and trans- 
iscmers. 

Patent No. 1120186 describes and claims a 
mixture cf 3 - trans - dimethylamino - 4 - 
phenyl - 4 - trans - carbethoxy - A 1 - cycle - 
hcxene and 3 - cis - dimethylamino - 4 - 
phenyl - 4 - ch - carbethoxy - A 1 - cyclo - 
hexene, a method for producing such mix- 
tures and a process for separating the indi- 
vidual isomers from the mixture. In the pre- 
parative method disclosed in Patent No. 
1120186 the ethyl ester of atrcpic acid is re- 
acted with 1 1 dimethyiaminobutadiene - 
(1, 3) at room temperature or at a tempera- 
ture which is slightly elevated above room 
temperature. The product, which is thus ob- 
tained, is a mixture of the cis- and tmns- 
isomer bases. 

Patent No. 1120186 describes and claims 
also a prcce2? for obtaining the individual 
isomers from the mixture. In the procedure, 
the isomer bases are converted into their res- 
pective hydrochloride salts by dissolving the 
reaction product, i.e. the isomeric mixture, in 
a suitable common solvent, such as ether, and 
adding to the solution, thus formed, a suffi- 
cient quantity cf an anhydrous solution of 
hydrochloric acid to form a mixture cf the 
hydrochloride salts of the cis- and trmts- 
jscmer bases. The mixtuie is subsequently 
introduced into a mixture consisting of about 

{Price 25p] 



10 parts by volume of ethyl acetate to one 
part by volume of methyl ethyl ketone. The 
1.5 hydrate of the cis- isomer is less soluble 50 
in the ethyl acetate/methyl ethyl ketone mix- 
ture than the trms- isomer. Accordingly, a 
sufficient quantity of water is added to the 
mixture to form the 1.5 hydrate of the cis- 
isomer. The cis- isomer readily precipitates 55 
cut of solution in die form of its hydrate. 
The trans- isomer, which remains in solution, 
can be recovered subsequently by die removal 
of the solvent. 

The 3 - trms - dimethylamino - 4 - 60 
phenyl - 4 - trans - carbethoxy - A 1 - 
cyclohexene and 3 - cis - dimethylamino - 
4 - phenyl - 4 - cis - carbethoxy - A 1 - 
cyclohexane are disclosed in Patent No. 
1120186 as having therapeutic activity, being 65 
useful and used as analgesics. Although both 
isomers have analgesic activity, the trms- 
isomer has been found to be somewhat more 
highly active than the cis- isomer. Accor- 
dingly, processes for separating the trans- 70 
isomer from a mixture containing the cis- 
and treats- isomers and processes for partially 
isomerizing the cis- isomer into the trans- 
isomer have beccme of significant impor- 
tance. 75 

The present invention provides a process 
for separating 3 - trans - dimethylamino - 
4 - phen}d - 4 - trans - carbethoxy - A 1 - 
cyclohexene from a mixture containing 3 - 
cis - dimethylamino - 4 - phenyl - 4 - cis - 80 
carbethoxy - A 1 - cyclohexene and 3 - trans - 
dimethyl - amino - 4 - phenyl - 4 - irons - 
carbethoxy - A 1 - cyclohexene. The invention 
is predicated cn the unexpected finding that, 
when a mixture containing the cis- and tram- 85 
isomers is reacted either with oxalic acid or 
fumaric acid while dissclved in a suitable 
solvent, the oxalic acid or fumaric acid salt 
of die trans- isomer is selectively formed and 
readily precipitates out of the reaction 90 
medium. In the separation procedure, oxalic 
acid or fumaric acid, preferably oxalic acid, 
and a mixture containing 3 - cis - dim^hyl - 
amino - 4 - phenyl - 4 - cis - carbethoxy - 
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A 1 - cyclohexene and 3 - trans - dimethyl - 
amino - 4 - phenyl - 4 - trans - carbethoxy - 
A 1 - cyclohexene" are admixed in a suitable 
solvent at a temperature ranging from room 

5 temperature to reflux temperature until the re- 
actants become dissolved in the solvent. The 
solution is, thereafter, cooled, preferably to a 
temperature below about 10° C. to facilitate 
the precipitation of the acid salt of the trans- 
it* isomer. In the procedure, there is used a 
ratio of about one mol of oxalic acid or 
fumaric acid for each mol of 3 - trans - 
dimethylamino - 4 - phenyl - 4 - trans - 
carbethoxy - A 1 - cyclohexene present in the 

15 isomeric mixture. 

The partial isomerization procedure involves 
heating the cis- isomer at a temperature with- 
in the range of from about 60° C. to about 
130° C. with an organic acid, either aliphatic 

20 or aromatic in nature, or with an anhydride 
of an aliphatic or aromatic organic acid. The 
reaction can be carried out with the reactants 
dissolved in a suitable organic solvent or it 
can be effected in the absence of a solvent 

25 for the reactants. In the partial isomerization 
process, a ratio of from about two mols to 
about six mols of acid anhydride is employed 
for each mol of cis- base present. The opti- 
mum duration of the heating step will vary 

30 depending upon the various reaction condi- 
tions employed. In any given instance, how- 
ever, the optimum heating time can be deter- 
mined by preliminary experiment. The trans- 
isomer can be separated from the thus formed 

35 mixture of cis- and trans- isomers by the 
separation process described herein or by, for 
example, the process described and claimed 
in Patent Specification No. 1216152. 

In separating the *trans- isomer from the 

40 isomeric mixture, (a) oxalic acid or fumaric 
acid (b) the isomeric mixture containing 3 - 
cis - dimethvlamino - 4 - phenyl - 4 - as - 
carbethoxy - A 1 - cyclohexene and 3 - trans - 
dimethylamino - 4 - phenyl - 4 - trans - 

45 carbethoxy - A 1 - cyclohexene and (c) an 
inert organic liquid which is a solvent for 
both, are charged into a suitable reaction 
vessel. A lower molecular weight monohydnc 
alcohol, i.e. an alcohol having 1 to 6 carbon 

50 atoms, such as. methanol, ethanol, propanol, 
isopropanol, butanoi or isobutanol, is prefer- 
ably employed as the inert organic solvent. 
The mixture is then stirred at a temperature 
within the range of from about room tempera- 

55 ture to reflux temperature until a solution 
results. The period cf time required to bring 
the reactants into solution will be influenced 
greatly bv the reaction temperature. Gener- 
ally, at elevated temperatures, a solution is 

60 obtained in a period of from about 5 minutes 
to about 20 minutes. At room temperature, or 
at temperatures elevated only slightly above 
about room temperature, a longer period may 
be required. However, when a solution has 

65 been obtained, it is cooled to a temperature 



below about 10° C, preferably to about 5° 
C, to facilitate the precipitation of the oxalic 
acid salt or fumaric acid salt of 3 - trans - 
dimethvlamino - 4 - phenyl - 4 - trans - 
carbethoxv - A 1 - cyclohexene. The salt, thus 70 
formed, is recovered from the reaction system 
by any convenient means, for example, filtra- 
tion. The cis- isomer, in the form cf the free 
base, remains dissolved in the filtrate. Follow- 
ing its recovery, the acid salt of the tram- 75 
isomer is washed and dried in a conventional 
manner. 

While completely satisfactory results are 
obtained when fumaric acid is used in the sepa- 
ration procedure, oxalic acid is employed in 80 
the preferred embodiment of the invention. It 
has been found that when the oxalate salt of 
the trans- isomer is selectively precipitated, 
only minimal amounts of the cis- isomer and 
the undesired by-product ethyl 2 - phenyl - 85 

3 - dimethviaminopropicnate, are present. 
The quantity of solvent used in this pro- 
cedure, while important, is variable. Ob- 
viously, a sufficient quantity must be used to 
completely dissolve the isomeric mixture and 90 
oxalic acid or fumaric acid. Generally, how- 
ever, there will be used from about 0.5 parts 

bv volume to about 2.5 parts by volume, and, 
preferably, from about 1.0 part by volume to 
about 2.6 parts by volume, of solvent for each 95 
pan of the combined weight of oxalic acid 
or fumaric acid and isomeric mixture to be 
dissolved therein. 

In the separation procedure, a ratio of from 
about 1.0 to about 1.2 mol of oxalic acid or 100 
fumaric acid is employed for each mol of 
trans- isomer present in the isomeric mixture. 
A greater excess of acid cculd be used, if 
desired, but the use of more than 1.2 mol 
of acid per mol of trans- isomer serves no 105 
useful purpose and renders the process less 
economical. 

Thus, in the separation procedure depend- 
ing upon the acid used, there is obtained 3 - 
trans - dimethvlamino - 4 - phenyl - 4 - 110 
trans - carbethoxy - A 1 - cyclohexene oxalate 
or 3 - trans - dimethvlamino - 4 - phenyl - 

4 - trans - carbethoxy - A 1 - cyclohexene 
fumarate. These salts can be converted into the 
free base by conventional procedures, for 115 
example, by treatment with an alkali. 

The process for partial isomerization of the 
cis- isomer involves the step of heating 3 - 
cis - dimethvlamino - 4 - phenyl - 4 - cis - 
carbethoxy - A 1 - cvdohcxene and an organic 120 
acid or anhydride of an organic acid, at a 
temperature within the range of from about 
60° C. to about 130° C for such a period 
cf time as is required to convert a part of 
the cis- isomer to the trans- isomer. The 125 
heating step can be carried out either in the 
presence or absence cf an inert organic sol- 
vent. 

In general, anv aliphatic monocarboxylic 
acid, aliphatic dicarboxylic acid, aromatic 130 
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monocarboxylic acid or aromatic dicarboxylic 
acid can be used in the practice of this 'in- 
vention. In the alternative, an anhydride of 
any such acid can be used. Thus, for example, 
5 the partial rearrangement of the cis- isomer 
mto a mixture cf the cis- and tram- isomers 
can be accomplished by heating the cis- isomer 
with a saturated aliphatic monccarboxylic acid, 
such as, acetic acid, etc.; a saturated aliphatic 
10 dicarboxylic acid, such as, oxalic acid, suc- 
cinic acid, etc.; an unsaturated aliphatic mono- 
carboxylic acid, such as, sorbic acid, etc.; 
an unsaturated aliphatic dicarboxylic acid, 
such as, fumaric acid, maleic acid, itaconic 
15 acid, etc.; an aromatic monocarboxylic acid, 
such as, cinnamic acid, etc.; or an aromatic 
dicarboxylic acid, such as, phthalic acid, etc. 
Anhydrides cf such acids are also suitable for 
u Se ' . These inclu <*e, for examole, acetic an- 

~0 hydride, succinic anhydride, maleic anhydride, 
cinnamic anhydride, phthalic anhydride, etc. 
The quantity of acid or acid anhydride used 
is variable within certain ranges. It has been 
found, however, that the most satisfactory 

to results are achieved by maintaining a parti- 
cular quantitative relationship between cis- 
base and organic acid or organic acid anhy- 
dride. In general, a sufficient quantity of 
organic acid cr anhydride is employed to pro- 

30 vide a ratio of from about 2 mols to about 
6 mols of acid or anhydride for each mol of 
as- base present in the reaction mixture. In 
the preferred embodiment of the invention, 
a sufficient quantity cf organic acid or anhy- 

35 dride iz used to provide a ratio of from about 
2 mols to about 4 mols of acid or anhydride 
fcr each mcl cf cis- base present. It is to be 
understood that quantities of acid or acid 
anhydride, which are greater cr lesser than 

<10 those prescribed herein, can be employed to 
effect the partial rearrangement of the cis- 
isomer base. However, under ordinary circum- 
stances, no benefit will be obtained bv using 
a larger quantity of acid or anhydride and 

4d decreased yields of tnms- isomer "may result 
when lesser quantities of acid cr anhydride are 
employed. 

The partial isomerization process of this 
invention can be carried cut in the presence 

^0 or hi the absence of an organic liquid re- 
action medium. In the preferred embodiment 
of the invention, the reaction is effected in an 
organic liquid in which both die cis- isomer 
base and the acid cr acid anhydride are 

55 soluble. However, the solvent which is selec- 
ted for use should be such that it does not 
itself interfere with the isomerization of the 
cis- isomer into the desired mixture of cis- 
and trans- isomers. While the invention is not 

oO necessarily limited thereto, it has been found 
that the isomerization can be effected in a 
completely satisfactory fashion with the cis- 
isomer base and acid or anhydride dissolved 
m a solvent, such as, isopropanol, n-butanol, 

o5 4 - methyl - 2 - pentanol, dioxane, dimethyl 



formamide, etc. It is to be understood, how- 
ever, that other organic liquids, which are 
solvents for the mixture of cis- isomer base 
and organic acid or anhydride, can be em- 
ployed, if desired. The invention is not limi- 70 
ted, however, to the use of an organic liquid 
reaction medium in which the mixture of 'cis- 
isomer base and organic acid or anhydride is 
soluble. Partial rearrangement cf the cis- 
isomer base to the mixture of cis- and trows- 75 
isomer bases can be carried out in the ab- 
sence of a liquid reaction medium or it can 
be carried out in the presence of an organic 
liquid reaction medium in which the cis- 
isomer base cr the acid cr anhydride, or the 80 
mixture diereof, is insoluble. Thus, for ex- 
ample, the process can be effected in a liquid 
reaction medium, such as, xylene, toluene, etc. 
in which either or both the cis- isomer base 
or the acid or anhydride is insoluble. 85 

The length of time that the mixture of 
the tfj-isomer base and the organic acid or 
organic acid anhydride is heated in the prac- 
tice of this invention is variable. Since the 
primary objective of the process is to obtain 90 
maximum rearrangement of die cis- isomer 
base into the troths- isomer base in an effi- 
cient and economical manner, the heating step 
should be cf sufficient duration to achieve that 
objective. In any given instance, the optimum 95 
heating period will be determined by several 
factors, lhese include, for example, the quan- 
tity and the identity of die acid or anhydride 
in use, the presence or absence of an inert 
organic liquid reaction medium and the oper- 100 
aung temperature. In general, however, when 
a mixture containing a ratio of from about 2 
to 6 mols of organic acid cr anhydride per 
mol of cis- isomer base is heated at a tem- 
perature within the range of from about 60° 105 
C. to abcut 130° C, either in the presence 
cr absence of an inert organic reaction 
medium, partial rearrangement of the cis- 
isomer to the tram- isomer is achieved with- 
in a period of from abcut 30 minutes to about 110 
24 hours. By preliminary experiment, using 
a specific quantity of a particular acid or an- 
hydride and a definite operating temperature, 
cne can determine the heating period which 
produces optimum isomerization. The iso- 115 
meric mixture which is obtained by the partial 
isomerization process cf this invention can be 
separated into its component compounds by 
the method described herein or by any prior 
art process. The cis- isomer which is re- 120 
covered can be subjected again to partial 
isomerization. 

The present invention, accordingly, provides 
a practical and commercial feasible means for 
separating 3 - trans - dimethyiamino - 4 - 125 
phenyl - 4 - trans - carbethoxy - A 1 - cyclo - 
hexene from a mixture containing diat com- 
pound and 3 - cis - dimethyiamino - 4 - 
phenyl - 4 - cis - carbethoxy - A 1 - cyclo - 
hexene. It also provides a convenient means 130 
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for converting the cis- isomer into a mixture 
comprising the cis- isomer base and a sub- 
stantial proportion of 3 - trans - dimethyl - 
amino - 4 - phcnvl - 4 - trans - carbethoxy - 
5 a 1 - cvclohexene. It has been found that when 
the separation of the isomers is carried out as 
disclosed herein, satisfactory yields of the 
trans- iscmer oxalate or fumarate salt are 
obtained. If desired or necessary, the salt can 
70 be converted into the base by any conven- 
tional means. Furthermore, when the lsomenz- 
ation is carried out as disclosed herein, satis- 
factory vields of the mixed ds- and trans- 
isomers are obtained. Upon separation of the 
15 mixture into its isomeric components, either 
bv the separation method disclosed herein or 
by one of the prior art processes, excellent 
vields of the trans- isomer are obtained. The 
invention, accordingly, furnishes a convenient 
20 and efficient means for separating the as- 
isomer from the trans- isomer and fci - con- 
verting the as- isomer into the more highly 
active trans- isomer. 

Example 1 

25 (A) Separation Procedure 

In this example, 40.2 grams (0.32 mol) of 
oxalic acid dihvdrate, 281.0 grams of a mix- 
ture containing 3 - cis - dimethylammo - 4 - 
phenyl - 4 - cis - carbethoxy - A 1 - cyclo - 

30 hexer.e and 3 - trans - dimethylammo - t - 
phenyl - 4 - trans - carbethoxy - A 1 - cyclo » 
hexene and 460 ml of n-butyl alcohol were 
charged into a suitable reaction vessel. It 
had been determined by gas liquid chromato- 

35 <*raphy that the isomeric mixture employed 
contained 28.1%, equivalent to 79.0 grams 
(0 29 moD of the trans- iscmer. The reaction 
mixture was heated to a temperature of about 
85° C. and it was maintained at that tem- 

40 pcrature until a solution resulted. The heating 
time was about 15 minutes. The solution, 
thus obtained, was cooled to a temperature of 
about 5° C. and 3 - trans - dimethylammo - 
4 - phenvl - 4 - trens - carbethoxy - A 1 - 

45 cvclohexene oxalate came out of solution in 
the form of a precipitate. In order to insure 
complete precipitation of the oxalate salt of 
the trans- isomer, the reaction mixture was 
maintained at a temperature within the range 

50 of from about 0° C. to about 5° C. for a 
period of abcut one hour. At the end of that 
period, the oxalic acid salt of the trais- 
isomer was collected by filtration. The salt 
wa* thereafter, washed two times using 70 

55 ml. 'of cold n-butvl alcohol each time. The 
salt was subsequently dried at a tempera- 
ture of 65° C. and there was obtained 96.5 
crams (0.266 mcl^ of 3 - trans - dimethyl - 
amino - 4 - phenvl - 4 - trans - carbethoxy - 

60 A 1 - cvclohexene oxalate having a melting 
point a't 124.5° C. to 127° C. The yield of 
the oxalic acid salt of the trans- isomer 
obtained was equivalent to 72.5 grams of 
3 - trans - dimcthylamino - 4 - phenyl - 4 - 



trans - carbethoxy - A 1 - cyclohcxene in the 65 
form of the free base. Thin layer chromato- 
graphy indicated the presence in the product 
cf less than about 0.1% of the cis- isomer 
and less than abcut 0.25% of ethyl 2 - 
phenyl - 3 - dimethylaminopropionate. 70 

(B) Isomerization Procedure 

The butyl alcohol filtrate, obtained when 
the oxalic' acid salt of the trans- isomer 
was recovered by filtration as described in 
Section (A) of this example, was mixed with 75 
378 grams (3.0 mols) of oxalic acid di- 
hydrate and 600 ml of n-butyl alcohol. The 
butyl alcohol filtrate contained 208.5 grams 
(0.763 mol) of the cis- isomer. The mixture 
was heated to reflux temperature. A mix- 80 
ture of n-butyl alcohol and water was distilled 
off until the reaction mixture reached a tem- 
perature of about 110° C. The reaction 
mixture was then refluxed for a period of 
about four hours, following which the solvent 85 
was removed under vacuum on a steam bath. 
After the removal of the solvent was com- 
plete 1.5 liters of toluene was added to the 
residue. Toluene was subsequently removed 
under vacuum on a steam bath. Following the 90 
removal of toluene, 1.5 liters of water was 
added to the residue and the mixture was 
made alkaline using 760 grams of 45% 
aqueous potassium hydroxide. The mixture 
of' the isomeric bases was extracted into 900 95 
ml of toluene and the toluene solution was 
washed with 900 ml of water. Toluene was 
then removed under vacuum on a steam bath. 
There was, thus obtained, 200.3 grams of a 
mixture containing 3 - cis - dimethylammo - 100 
4 - phenvl - 4 - cis - carbethoxy - A 1 
cvclohexene and 3 - trans - dimethylammo - 
4 - phenyl - 4 - trans - carbethoxy - A 1 - 
cvclohexene. 

(O Separation Procedure 105 

The isomeric mixture, produced as des- 
cribed in Section (B) of this example was 
admixed with 65.4 grams (0.513 mol) of 
oxalic acid dihvdrate and 610 mol of n-butyl 
alcohol. The mixture was, thereafter, heated 110 
to a temperature of about 85° C. and it was 
maintained at that temperature until a solu- 
tion resulted. This occurred after heating for 
a period of abcut 15 minutes. The solution 
was cooled to a temperature of about 5 C. 115 
and it was maintained at a temperature within 
the range of from about 0° C. to 5 C. 
for a period of one hour. The oxalic acid 
calt of 3 - trans - dimcthylamino " 4 " 
phenyl - 4 - trans - carbethoxy - A 1 - 120 
cvclohexene which precipitated from the solu- 
tion was collected bv filtration and it was 
washed two times using 70 ml portions of 
cold n-butyl alcohol each time. J***™^* 10 - 
then dried at a temperature of 65° C. lncre 
was, thus obtained, 14S.0 grams of 3 - 
trans - dimethvlamino - 4 - phenyl - 4 - 
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trans - carbethoxy - A 1 - cyclohexene oxalate. 
The yield of the oxalic acid salt was equiv- 
alent to 111.5 grams of 3 - trans - dimethyl - 
amino - 4 - phenyl - 4 - trans - carbethoxy - 

5 A 1 - cyclohexene in the form of the free base. 
Thin layer chromatography indicated that the 
product, i.e. the oxalic acid salt of the ti'ans- 
iscmer, contained less than 0.1% of die ck- 
isomer and less than 0.25% of ethyl 2 - 

10 phenyl - 3 - dimethylaminopropionate. 

(D) Additional Isomerizations and Separa- 
tions 

The n-butyl alcohol filtrate, obtained as 
described in Section (C) of this example when 

15 the precipitated oxalic acid salt of the trans- 
isomer was recovered by filtration, was sub- 
jected to the partial isomerizaticn process 
described herein, and the oxalic acid salt of 
the trans- base was separated from the isc- 

20 meric mixture thus obtained. This sequence 
was repeated starting with the n-butyl alcohol 
filtrate of the separation procedure. There 
was obtained in the first instance 40.8 grams 
and in the second 11.5 grams of the oxalic 

E> acid salt of 3 - trans - dimethylamino - 4 - 
phenyl - 4 - trans - carbethoxy - A 1 - cyclo - 
hexene, the purity of which was comparable 
to that of the trans- isomer obtained in the 
initial stages of the process. The additional 

30 yield of oxalic acid salt is equivalent to 39.4 
grams cf 3 - trans - dimethylamino - 4 - 
phenyl - 4 - trans - carbethoxy - A 1 - cyclo - 
hexene in the form of the free base. 

The total yield of oxalic acid salt of the 

35 trms- isomer produced in the process was 
equivalent to a yield of 150.9 grams (72.5% 
of theory) of the firms- isomer in the form 
of the free base. 

Example 2 

40 In this example, the trans- isomer was iso- 
lated from a mixture containing 3 - ds - 
dimethylamino - 4 - phenyl - 4 - as - 
carbethoxy - A 1 - cyclohexene and 3 - trans - 
dimethylamino - 4 - phenyl - 4 - trans - 

45 carbethoxy - A 1 - cyclohexene. 

Thus, 0.58 grams (0.005 mol) of fumaric 
acid, 3.9 grams of a mixture of 3 - cis - 
dimethylamino - 4 - phenyl - 4 - cis - 
carbethoxy - A 1 - cyclohexene and 3 - 'trans - 

50 dimethylamino - 4 - phenyl - 4 - trans - 
carbethoxy - A 1 - cyclohexene and 5 ml of iso- 
propyl alcohol were charged into a suitable 
vessel. It had been determined by gas liquid 
chromatography that the isomer mixture used 

55 contained 1.09 grams (0.004 mol) of the 
trans- base. The mixture was heated to reflux 
and when, after about 15 minutes, the re- 
actants were dissolved in the alcohol, the 
solution was cooled to a temperature of about 

60 5° C. On coolbg, the formation of a pre- 
cipitate was observed. A temperature of about 
5° C. was maintained until precipitation was 
complete. When precipitation was complete. 



20 ml of ether were added to the mixture and 
the precipitate, i.e. 3-^y-dimethyI-amino-4- 65 
phenyl - 4 - trans - carbethoxy - A 1 - cyclo - 
hexene fumarate, was collected by filtration. 
The fumaric acid salt of the tram- isomer 
was washed with isopropyl alcohol and dried 
at a temperature within the range of from 70 
about 55° C. to about 65° C. There was, thus 
obtained, 1.25 grams of the fumaric acid salt 
of 3 - trans - dimethylamino - 4 - phenyl - 
4 - trans - carbethoxy - A 1 - cyclohexene 
having a melting point at 120° C. to 122° C. 75 
The yield of the fumaric acid salt was equiv- 
alent to a yield of 0.88 grams (81% of 
theory) of the trans- isomer. By thin layer 
chromatography, it was found that the pro- 
duct contained 1% to 2% of the cis- isomer 80 
and 1% of ethyl 2 - phenyl - 3 - dimethyl - 
aminopropionate. 

Example 3 

In this example, 3 - cis - dimethylamino - 
4 - phenyl - 4 - cis - carbethoxy - A 1 - 85 
cyclohexene was subjected to the partial iso- 
merization process to yield a mixture con- 
taining the said cis- isomer and 3 - ti'ans - 
dimethylamino - 4 - phenyl _ 4 - trans - 
carbethoxy - A 1 - cyclohexene. 90 

In the process, 2.73 grams (0.01 mol) of 
3^ - cis - dimethylamino - 4 - phenyl - 4 - 
cis - carbethoxy - A 1 - cyclohexene, 3.48 
grams (0.03 mol) of fumaric acid and 15 ml 
of n-butyl alcohol were charged into a suit- 95 
able vessel and heated at reflux for a period 
of about two and one-half hours. At the 
end of that period of time, the n-butyl alcohol 
was removed under vacuum on a steam bath 
and the residue was suspended in water. The 100 
suspension was then made alkaline using 50% 
aqueous sodium hydroxide and the product, 
i.e. a mixture of 3 - cis - dimethylamino - 
4 - phenyl - 4 - ci s - carbethoxy - A 1 - 
cyclohexene and 3 - trans - dimethylamino - 105 
4 - phenyl - 4 - trans - carbethoxy - A 1 - 
cyclohexene was extracted into ether. The 
ether extract was, thereafter, washed with 
water, dried with magnesium sulfate, filtered 
and the filtrate was concentrated to yield a 110 
residue of 2.68 grams (98.2%) containing 
the mixed isomeric bases. By gas liquid 
chromatography, it was determined that the 
product contained 41.4% of the 6w- 
isomer, 39% of the cis- isomer and 15.1% 115 
of ethyl 2 - phenyl - 3 - dimethylamino - 
propionate. 

Example 4 

This example demonstrates the use of 
phthalic acid to bring about the partial iso- 120 
merization of 3 - cis - dimethylamino - 4 - 
phenyl - 4 - cis - carbethoxy - A 1 - cyclo - 
hexene into a mixture containing the ch- 
isomer in combination with the trans- isomer. 

In the process, 13.65 grams (0.05 mol) of 125 
3 - cis - dimethylamino - 4 - phenyl - 4 - 
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c;s - carbethoxv - A 1 - cyclohexene, 24.9 grams 
(0 15 moi) ofVphthalic acid and 75 cc. of 
n-butvl alcchol were charged into a suitable 
vessel and the mixture was heated at reflux 

5 for a period of about four hours. At the end 
cf that period of time, n-butyl alcohol was 
removed under vacuum on a steam bath and 
the residue which remained was suspendedin 
water. The suspension was then made alkaline 

10 using 5G% aqueous sodium hydroxide and the 
mixture of 3 - cis - dimethylamino - 4 - 
phcnvl - 4 - cis - carbethoxv - A 1 - cyclo - 
hcxenc and 3 - nans - dimethylamino - 4 - 
phenvl - 4 - trans - carbethoxv - A 1 - cyclo - 

15 hexene was extracted into ether. The ethereal 
solution was itself extracted with 1 N hydro- 
chloric acid and the aqueous acid extract 
was made alkaline and extracted with ether. 
The ether extract was dried with magnesium 

20 sulfate and filtered and the filtrate was con- 
centrated to a residue of 9.75 grams (/ 1.395: 
of theorv'- containing a mixture of 3 - as - 
dimethvlamino - 4 - phenyl - 4 - as - carb - 
ethoxy* - A 1 - cvclohexene and 3 - trans - 

25 dimethvlamino -'4 - phenyl - 4 - irons - 
carbethoxv - A 1 - cyclohexene. It was deter- 
mined bv gas liquid chromatography that the 
product " contained 5027c of the trans- 
isomer, 43.39c of the cis- isomer and 0.3% 

30 of ethyl 2 - phenyl - 3 - dimethylamino - 
propionate. 

Example 5 
This example is included to demonstrate 
the partial isomemation of 3 - cis - di - 
35 methvlamino - 4 - phenyl - 4 - cis - carb - 
ethoxv - A 1 - cvclohexene using acetic acid. 
In this example, 13.65 grams (0.05 mol) of 

3 - f/c - dimethvlamino - 4 - phenyl - 

4 - cis - carbethoxv - A 1 - cyclohexene, 40 
40 ml cf acetic acid and 40 ml of water were 

charged into a suitable vessel and heated at 
reflux for a period of about two hours. At 
the end of that period of time, the aqueous 
suspension was made alkaline using 50% 

45 aqueous sodium hydroxide and the product, 
ie 3 - cis - dimethylamino - 4 - phenyl - 
4 - cis - carbethoxv - A 1 - cyclohexene and 
3 - trans - dimethvlamino - 4 - phenyl - 4 - 
trans - carbethoxv - A 1 - cyclohexene was 

50 extracted into ether. The ether extract was 
then extracted using 1 N hydrochloric acid. 
The aqueous acid extract was made alkaline 
and extracted with ether. The ether extract 
was dried with magnesium sulfate, filtered 

55 and concentrated to a residue of 11.2 grams 
comprising a mixture of 3 - cis - dimethyl - 
amino - 4 - phenyl - 4 - as - carbethoxv - 
A 1 - cyclohexene and 3 - trans - dimethyl - 
amino - 4 - phenyl - 4 - trans - carbethoxv - 

60 A 1 - cvclohexene. m 

The' residue, obtained as described in the 
preceding paragraph, was charged into a vessel 
with 3.65 grams (0.03 mol) of oxalic and 
dihvdrate a~nd 50 ml of isopropyl alcohol. 



The mixture, thus obtained, was heated at a 65 
temperature of 75 °C until a solution resul- 
ted. The solution was immediately cooled to 
a temperature of 5° C. and the oxalic acid 
salt of 3 - trans - dimethylamino - 4 - 
phenyl - 4 - trans - carbethoxy - A 1 - 70 
cyclohexene came out of solution in the form 
cf a precipitate. By filtration, and after dry- 
in?. 9.85 grams of the trans- oxalate salt was - 
obtained. This yield of oxalic acid salt of the 
trans- isomer is equivalent to a yield of 7.4 75 
grams (54.2% of theory) of the trans- icom?r 
in the form of the free base. 

Example 6 

This example is included herein to demon- 
strate the use of itaccnic acid in the iscmeriza- 80 
tion of 3 - cis - dimethylamino - 4 - phenyl - 
cis - carbethoxy - A 1 - cyclohexene. 

In the process, 13.65 grams (0.05 mol) 
of 3-w-dimethylamino-4-phenyl-4-nj-carb- 
ethoxy - A 1 - cyclohexene, 19.5 grams (0.15 o> 
mol) of itaconic acid and 75 ml of n-butyl 
alcohol were charged into a suitable vessel 
and the mixture was heated at reflux for a 
pericd of about 4-1/2 hours. At the end of 
that period of time, n-butyl alcohol was *u 
removed under vacuum on a steam bath and 
the residue was suspended in water. The sus- 
pension was made alkaline using 50% aqueous 
sodium hydroxide and the isomeric mixture 
was extracted into ether. The ethereal solution » 
was then extracted with 1 N hydrochloric 
acid, following which the aqueous acid extract 
was made alkaline. The alkaline extract was 
extracted with ether and the ether solution 
was subsequently dried with magnesium sul- IUU 
fate, filtered and concentrated to a residue of 
7.73 grams. J . , 

The residue, obtained as described in the 
preceding paragraph, comprising a mixture 
of 3 - cis - dimethylamino - 4 - phenyl - 4 - 105 
cis - carbethoxy - A 1 - cyclohexene and 3 - 
trans - dimethvlamino - 4 - phenyl - 4 - 
trams - carbethoxv - A 1 - cyclohexene was 
charged into a vessel containing 3-7 grams 
(0 01 mol) of naphthalene - 1, 5 - disulfonic 110 
acid, 4-1/3 hvdrate, and 34 ml of isopropyl 
alcohol. The mixture was heated at a tem- 
perature of 75° C. until a solution resulted. 
The solution, thus obtained, was cooled to a 
temperature of 5° C. and the naphthalene - 115 
1, 5 - disulfonic acid salt of 3 - trans - 
dimethylamino - 4 - phenyl - 4 - trans - 
carbethoxy - A 1 - cvclohexene came out in 
the form of a precipitate. Upon filtration, 
there was obtained 2.95 grams of the Fans- l/u 
disulfonate salt, equivalent to a yield of 1.92 
grams (14.0%) of the trans- isomer in the 
form of free base. 

Example 7 

This example is included herein to demon- 125 
strate the use of malonic acid in the partial 
isomerization of 3 - cis - dimethylamino - 
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4 - phenyl - 4 - cis - carbethoxy - A 1 - 
cyclohexene. 

In the process, 13.65 grams (0.05 mol) of 

3 - cis - dimethylamino - 4 - phenyl - 4 - 
5 cis - carbethoxy - A 1 - cyclohexene, 20.7 

grams (0.20 mcl) of malonic acid and 75 
ml of n-butyl alcohol were charged into a 
suitable vessel and the mixture was heated at 
reflux temperature for a period of about 4 

10 hours. The reaction mixture was worked up 
as described in Example 6, to yield residue of 
S.65 grams containing a mixture of 3 - cis - 
dimethylamino - 4 - phenyl - 4 - cis - 
carbethoxy - A 1 - cyclohexene and 3 - trans - 

15 dimethylamino - 4 - phenyl - 4 - trans - 
carbethoxy - a 1 - cyclohexene. 

The residue, obtained as described in the 
preceding paragraph, was treated with naph- 
thalene - 1, 5 - disulfonic acid, 4-1/3 hydrate, 

20 as described in Example 6, to produce 2.72 
grams of the naphthalene - 1, 5 - disulfonic 
acid salt of the rrans- isomer. This yield of 
the disulfonate salt is equivalent to a yield of 

I. 77 grams (139c) of the trans- isomer in 
25 the form of the free base. 

Example 8 
This example is included herein to demon- 
strate the use of nialeic acid in the partial 
isomerization of 3 - cis - dimethylamino - 
30 4 - phenyl - 4 - cis - carbethoxy - A 1 - 
cyclohexene. 

In the process, 13.65 grams (0.05 mol) 
of 3 - cis - dimethylamino - 4 - phenyl - 

4 - cis - carbethoxy - A 1 - cyclohexene, 17.4 
35 grams (0.15 mcl) of nialeic acid and 75 ml 

of dicxane were charged into a suitable vessel 
and the mixture was heated at reflux tem- 
perature for a period of about 4-1/2 hours. 
The reaction mixture was worked up as des- 
40 cribed in Example 6, to yield a residue cf 

II. 8 grams comprising a mixture of 3 - cis - 
dimethylamino - 4 - phenyl - 4 - cis - 
carbethoxy - A 1 - cyclohexene and 3 - tram - 
dimethylamino - 4 - phenyl - 4 - tram - 

45 carbethoxy - A 1 - cyclohexene. By gas liquid 
chromatography, it was determined that the 
mixture contained 52.8% of the trans- isomer 
and 46.3% of the cis- isomer. 

Example 9 

50 This example is included herein to demon- 
strate the partial isomerization of 3 - cis - 
dimethylamino - 4 - phenyl - 4 - cis - 
carbethoxy - A 1 - cyclohexene using maleic 
acid with the reaction being carried out in 

55 dimethylformamide. 

In the process, 13.65 grams (0.05 mol) 
of 3 - cis - dimethylamino - 4 - phenyl - 
4 - cis - carbethoxy - A 1 - cyclohexene, 17.4 
grams (0.15 mol) of maleic acid and 75 ml of 

60 dimethylformairiide were charged into a suit- 
able vessel and the mixture was heated at a 
temperature of about 120° C. for a period of 
about 2-1/2 hours. The reaction mixture was 



worked up as described in Example 6, and 
there was obtained, a residue cf 9.77 grams 65 
comprising a mixture of 3 - cis - dimethyl - 
amino - 4 - phenyl - 4 - cis - carbethoxy - 
A 1 - cyclohexene and 3 - trans - dimethyl - 
amino - 4 - phenyl - 4 - umis - carbethoxy - 
A 1 - cyclohexene. 70 

The residue, produced as described in the 
preceding paragraph, was treated with naph- 
thalene - 1, 5 - disulfonic acid, 4-1/3 hydrate 
as described in Example 6, and there was 
obtained 8.9 grams of the naphthalene - 1, 5 - 75 
disulfonic acid salt of 3 - 'trans - dimethyl - 
amino - 4 - phenyl - 4 - trans - carbethoxy - 
A 1 - cyclohexene. This yield cf the trans - 
disulfonate salt is equivalent to a yield of 5.G 
grams (42.5%) of the trms- isomer in the 80 
form of the free base. 

In the above Examples 6, 7 and 9 the 
isomerization procedure is according to the 
present invention but the reparation proce- 
dure is according to a process described and 85 
claimed in Patent Specification No. 1216152 
which comprises reacting a mixture of cis 
and trans isomers with naphthalene - 1, 5 - 
sulfonic acid to form a mixture of salts of 
the cis ^ and trans isomers having different 90 
solubilities in a given solvent, isolating the 
separate salts and regenerating the separated 
cis and trans isomers. 

WHAT WE CLAIM IS: — 

1. A process for separating 3 - tram - 95 
dimethylamino - 4 - phenyl - 4 - 'trans - 
carbethoxy - A 1 - cyclohexene from an iso- 
meric mixture comprising 3 - trans - di- 
methylamino - 4 - phenyl - 4 - trans - 
carbethoxy - A 1 - cyclohexene and 3 - cis - 100 
dimethylamino - 4 - phenyl - 4 - cis - 
carbethoxy - A 1 - cyclohexene which com- 
prises the steps of (1) treating said isomeric 
mixture with oxalic acid or fumaric acid, in 
an inert organic solvent at a temperature up 105 
to Teflux temperature for a period of time 
sufficient to dissolve said isomeric mixture and 
said acid in said solvent, there being used a 
ratio of from about 1.0 to about 1.2 mol 
of said acid for each mol of said 3 - trans - 110 
dimethylamino - 4 - phenyl - 4 - 'trains - 
carbethoxy - A 1 - cyclohexene present in said 
isomeric mixture and (2) recovering the acid 
salt of 3 - trans - dimethylamino - 4 - 
phenyl - 4 - trans - carbethoxy - A 1 - cyclo - 115 
hexene which precipitates from the reaction 
mixture. 

2. A process according to claim 1 wherein 
oxalic acid is used and wherein, after the 
isomer mixture and acid are dissolved in the 120 
solvent, the reaction mixture is cooled to a 
temperature below about 10° C. 

3. A process according to claim 1 wherein 
fumaric acid is used and wherein, after the 
isomer mixture and acid are dissolved in the 125 
solventa, the reaction mixture is cooled to a 
temperature of below about 10° C. 
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4. A process according to claims 1, 2 or 3 
wherein the solvent is a monohydric alcohol 
having 1 to 6 carbon atoms. 

5. A process according to any one of claims 
5 1 to 4 wherein the solvent is n-butyl alcohol. 

6. A process according to any one of claims 
1 to 4 wherein the solvent is isoprcpyl alcohol. 

7. 3 - Trans - dimethyiamino - 4 phenyl - 
4 - trans - carbethoxy - A 1 - cyciohexene - 

10 oxalate. 

8. 3 - Trans - dimethyiamino - 4 - 
phenyl - 4 - trims - carbethoxy - A 1 - cyclo - 
hexene fumarate. 

9. A process fcr the partial isomenzation 
15 of 3 - cis - dimethyiamino - 4 - phenyl - 

4 - cis - carbethoxy - a t - cyciohexene which 
comprises heating 3 - cis - dimethyiamino - 
4 - phenyl - 4 - cis - carbethoxy - A 1 - 
cyciohexene with an organic acid, said acid 

20 being an aliphatic monocarboxylic acid, an 
aliphatic dicarbcxylic acid, an aromatic mono- 
carboxylic acid, * an aromatic dicarbcxylic 
acid or an anhvdride of such acids at a tem- 
perature from about 60° C. to about 130° C. 

25 for a period of time sufficient to convert a 
portion of said 3 - cis - dimethyiamino - 
4 - phenvl - 4 - cis - carbethoxy - A 1 - 
cyciohexene to 3 - trans - dimethyiamino - 
4 - phenyl - 4 - trans - carbethoxy - A 1 - 

30 cyciohexene, there being present in said re- 
action mixture a ratio of from about 2 to 
6 mols of said organic acid or anhydride 
thereof for each mol of said 3 - cis - di- 
methyiamino - 4 - phenyl - 4 - ch - carb - 

35 ethoxv - A 1 - cvclchexcne. 

10. ' A process according to claim 9 wherein 
the reaction is carried out with the said cis- 
isomer and said acid or anhydride dissolved 
in an organic solvent. 

40 11. A process according to claim 9 or 10 
wherein the acid employed is fumaric acid. 

12. A process according to claim 9 or 10 
wherein the acid employed is c-phthalic acid 



13. A process according to claim 9 or 10 
wherein the acid employed is acetic acid. 

14. A process according to claim 9 or 10 
wherein the acid employed is itaconic acid. 

15. A process according to claim 9 or 
10 wherein the acid employed is malonic 
acid. 

16. A process according to claim 9 or 10 
wherein the acid employed is maleic acid. 

17. A process according to claim 9 or 
10 wherein the acid employed is oxalic 
acid. 

18. A process according to claim 1 wherein 
the iscmerized mixture resulting from the pro- 
cess of claim 9 is separated by the process 
of claim 1. 

19. A process according to claim 9 where- 
in the cis- isomer resulting from the separa- 
tion procedure of claim 1 is isomerized by the 
process of claim 9. 

20. A process for separating 3 - trans - 
dimethvlamino - 4 - phenyl - 4 - trans - 
carbethoxy - A 1 - cyciohexene from an iso- 
meric mixture comprising 3 - trans - di- 
methvlamino - 4 - phenyl - 4 - trans - 
carbethoxy - A 1 - cyciohexene and 3 - cis - 
dimethyiamino - 4 - phenyl - 4 - cis - carb - 
ethoxy - A 1 - cyciohexene substantially as 
herein described in Examples 1 to 5 and 
8. 

21. 3 - Tram - dimethyiamino - 4 - 
phenyl - 4 - trans - carbethoxy - A 1 - cyclo - 
hexene as isolated by the separation process 
substantially as herein described in Examples 
1 to 5 and 8. 

22. A process for the partial isomenzation 
of 3 - cis - dimethyiamino - 4 - phenyl - 
4 - d s . carbethoxy - A 1 - cyciohexene sub- 
stantially as herein described in the Examples. 

STEVENS, HEWLETT & PERKINS, 
Chartered Patent Agents, 
Agents for the Applicants. 
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